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EESIS ON $EANDAX,D IPHA BOOT' IBUSSES

In an effort to save lrunber in our temporary ruar-housing progranl 'special
stantlard. roof trusses rrtere Cesigned. Bocause questions bearlng on the
stabllity of these trusses bave arisen fron tine to tlnel tbe followlng
luformatlon ts presontetl.

lhree truSsos, of 201-0[r antl, throe of 24t-On spansf wero tested. at the National
&rreau of Standartls to obtain factual data on thelr perfornance as usod, for
our EDU-tr IDU-e and. EDU-5 u.nltso ancl also to doternine their safety factors.
[h,e actiral spans used. were 201-LPen for fiAil tnrsses anct 24t-4][ for ,ll3n trussos,
correspontllng to the naxlur:.nr olear span6 for build.ings uslng 8il uasonry bear-
lng r,ratrIs. (See appond,ecl d.etail.)

lGterlels and Sabrication.

lhe trusses wero bullt at the Elslagor !{ill aniL &uber Company PLantr Eethesdre,r
I4arylandr by their camenters; but no rnlll nachlnery rras used for cuttlng
bevelsl etc.r and no Jig ln,s usod. la tliolr asseobly. llhe lurnber v,es stock #2
cotuon yellow pino wltb avernge d.efectsr such as knots and. cbecksr also
consld.erable motsturo content. Between the ttne they rrrere m,de (Septembor fy4l)
autl testea (Jufy 1944) 7 considlorablo t*arptry of the nsbers was uotecl.. Ehey
were purposely natle to be no better 1n worlsunnship a.rril materlals than the
poorer trussos btrtlt by contractore on our projocts,

DoEiga.

llhe tnrsses were d.esignecl to carry 2O poundls Ber square foot livo loacl
(borlzontal projoctlou) on tho top choid. and, a nontnat dry cetllng finlsh
loadttng oa the lorarer chord, of ?*L/? pound,s por sqlraro foot, Eor tost purpososl
howover, this cetllng load.'tas incroa,sed. to / pourd.s per squ,are footr
couln,rable to a plasterocL ceillng. [he trusses srere spacod.24il oecor &s used
oD our bul}&lngs. [he average r,rei.ght of the 201-0n trusses was 56 por:.nds1
anil !2 pound.s for tho 2\l-gll trusses.

Sest ].,oad.ine.

-

Bhe lower ohorcl was first load.od to LII pounds por lilne,r foot (7 pounrls x 2f
rqpBoing of trusses) I weigbts being hung by ropes spaced 12r atrnrt. Ehen the
top chord. rlas loadod la iircronents aporoxiuatoly equlnalent to 10 pounds por
square foot of roof load.l by attaching wolghts to othor ropes spaced, llf
a1nrt, llh:reo trusses wero set.up 24n on centorsl the uid.dle truss being tbe
ono und.er test. [he other tr,,m guid.e trtrsses wore supportott laterally by the
€srew6 of the tosting rnachige api by wood. ltl x l+r mird,s naiLed to their to!
chords. 8o o"r,ch of these 1[ x 4r board.e wero nailecL two wood. blocks whlch ..
actod. as a lateral sui3port for the top chord, of tho truss und,er test. Bhts
was d.one to provent the teet loa(L frou being transnitted, to the aclJacent guldo
tn:.ssesr Xho Lower chords wore braced. latorelly by continuous 1[ x \t r*uocl
strips located. at tbe two panel potntsr
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lest Besults.

lhe,average ultirnate 1oad. carried. on the top chord.s. of the llAil trusses was JII!
por:nits ana 4Z5Z pounds on the llStt trusssso Ihe loa&ing of the bottoro chord.
r,,as considenetL to be a fixecl celling load. Dedr:cting the wetght of a 

.roof

cLeck froo the above uttimate top chortL test loatlin€s, gives an average safety
factor of 3,57 on the flA[ trrrsses and,4.IO ou the f,3lr trusses, based on a 20
pound. d.esign live load., She maxtnun ultinate load. variation o*, 4 on the
forroer and, $fo on the latter. lho L.1fi was largely duo to an abrupt fallure
of one truss fron large knots in both the top and. bottom chord.s. If the above
4.10 factor'of safety is reduced. bV tloh,theri still renains'3"57 as a minlru-m
value for these trussos. Ehe follorrring d.eflections in inches were noted.
first at d.esign loatling then just before failuroi

ll4ll Inuss f,3r Eruss
_t,--,-

,1! and. ,52'
.J4 ancl 1rJ7
.2/ and .92
.54 andl 1.89
.Jll autl 1,14

Bhe nost connon failr:re eame from kuots ln the 2t 7 3n chorrt nenters. fhere
tas Do preriraillng type of fatlure. Oao lll x 5[ .r,aeb nember also split bad]y
and In two cases the end. nailtngs of tho wob nonbers neeting at tbe top of
tho tnrsB ca.ue loose. No d.efects occurrecl. at the hecls of the trusses where
th.e shoariag stresses are trighost. Considering the qr:atity of the lrrnber useir
its noisturo contentr and. the averago workmanship erployetl.l the perfortrance
of these trrrsses uad.er load. lrras generally consistent antl juStified thelr
design.
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TIGHT WOOD SAID TIATI AND BEIBING PANIIIIO}T

fn a further effort to red.uce the amor:nt of lunber in frame eonstnrctlon,
light wood- waIl and. bearing partitlons rsere designed for a recent IFEA
assignment. To obtain data on the perfonnanee of such wa1ls and. partitions
three panels wer'e butlt at tl.re listnger I[111 and. trranber Co., Bethesd.a, Mdi,
and testetL at the Srreau of Stand"ard,s. ?he clestgn loading required was
qlproximateLy 1250 pourids per 4t-6lt pan€I width.

Materials ancl- tr'raming.

Ihe panels were 4t-Olt wide andl ?l-0tl hlgh. For l.rr x 3n (nominal) studs
Trere spaced- 16rl on eenter. Top and bottom plates were 2rr x 3tt with two 8d
nalliag lnto the sturLs and ltt x 3n brldglng at mld.-height. The faclng
naterlaL on both sid.es was 1/2n fiberboard. (celotex) naftea with 4d. lath
nallsr 5n o.c. at all edges anrL L2tl on the intermed.iate stud"s. Irr:mber was
stoek, southern plne of average SZ eommon grade, Ehe moisture eontent was
not tleterminetl, but it appeared. to be hlgher than average for this grad.e of
wood[r

Test Method..

lhe panels were plaeed. in a vertieal positlon in a standarrl. testlng maehine
wtth a heavy steel beam transmittlng the vertieal Loading uniformly along the
top plate.

Tes,,t Results.

[he following table gives
loadings:

the average lateraL d.eflections fo:r the various

Panel-I Panel-Z Panel-3
LoacL Averarre flectlon
Lb. fn.

1866
3366
4866
6365
7A66
8866

1.0s65
11866
12866

ldaximurn load !b. 13090 12090 11"020

* N -. ind.toates that the average d-oflectlon of the stud.s at mid-
height was towerd the t'orth; S - toward. the South.

T 11.
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3'ailure for erreh panel was due to the combinecl actions of crush.ing of the
plates at the stnd- ends and of exeessive bend-ing at mid.-height. A knot
in an end str-rd of panel iro. 5locallzed the failure of that panel, result-
ing in a tensile fail.ure at the }etot, When the load.ing was released. the
partitions recovered about 504 of thelr d-ef1ecti.ons. Based on our d.esign
requirements the.avera€e factEr cf safety for these panels is g.6.

6l_65
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REST,ECT IYE ]I{SUI,A[ ION

lhe vrithdrawal of restrictions on the use of netal has resulted. in the
reappearance of reflective surfaces manr:factured. for use as thermal
insulation. Ehe expand-ed. facillties for production of such reflective
insulation will uad.oubted.ly resuLt in considerable sales pressure tencl-
ing to increase the use of thermal insulation eonsisting of metallie
foils or metallic coatings or refLective paints on netal- or paper sheets.

Insulation of this character has had very IittIe use in public housing
antl its use in any kintL of 'build.ing has rlot been extensive, [he problems
which may d.evelop around. these new roaterials have not yet been d.eterminetl
by use or by trial antL error. Ehis paper is rneaat to point out some of
the problens which theoretical consid.erations ind.icate will arise ln the
use of refleetive insuLation, r:nless adequate care is taken in the tLesign
of the structr:res using such insulation.

?ermanence. TIe have no long tern record.s of the use of aluminr:m foi1.
L'etter ClrcuLar 1G535, October 15, 1938, of the Sureau of StantLartls states:

rrYlhiLe t'here is llnited. infomation as to the permanence of the
refleetive surfaces of aLurrlnr:m r:ntLer various cond-itions of use,
such infornation as is available ind.icates that und.er norral-
cond.itions the reflectivity is IilreIy to be reasonably permanent.
Installations are reported. where no appreciabLe d.eterioration of the
aluminum has occurretl over a consid.erable period- of years. Thin layers
of dust read.ii-y vlsible to the eye clo not eause ar\y very serious lower-
ing in the reflecting power. If altminr:m is wetted. over consid.erable
periotLs of time, there ls possibility of corrosion, partlcularly if the
rqater is aIkaIine. Ihe appearance of the surface is not a rel-iable
gUid.e as to lts reflectlvity for radiant heat, antl foil whieh appuars
lark or d.iscoLored. may have lost ltttLe in insulAting value if the
sr:rface film ls thin.

Irofessor GortLon 3. Tlillces of M.I.[. stated- in an article in Intlustrial
aad. Engineering Chenistry of JuJ-y, 1939, that folL und.er dry cond-ltions
showed. littLe cirange after ten years, but that salt and. alkaLles will
attaelc alumiln:m fo11.

Contluetance. Xmplrical infornation concerning the conductances of double
or triple air spaces faced- with one reflective surface is given in the
1945 ed.ition of the guid.e published. by the American Society of Heating
and. Ventilating Engineers, but the information containetL in the Gui-d.e

for single air spaces faced- with reflective insulation is not so complete,
particularly as to heat flovr upwartl- and- tlorwrward-. [o supply this d.ef icienoy
and. to furnish information for varying tenperature.d.ifferences across the
air spaees, the contluctance values for single air spaces faced- with re-
flective insulaticn shown on Chart A attached were computed. at the Sureau
of Standard-s.

243C



3u11et in IIo . 19
fech. Info, I[otes
nTo. 43 fage 2

i{]{A
frrrlr.i fi.tt

72-3L-45

Cond-uctance values obtained. by calculation instead- of observation v,rere
chosen because they fe11- intemed-iately among various experirnental- results
indlcating reasonable agreement with such experimental results. The use
of a formula permits the construction of a table giving consecutive values
better than scattered. experiments by various.investigators rvho nay have
used- varying naterials.

[he va]-ues shown on the attaehed. Op,rt A are for a mean temperature of 4OoX'.
fhe variation in conductance valu6EEean temperatures of fron tOof to g06l'
(not shoun on the chart) are withln 4$ of the. viLues for 4Ootr'mean fgmpera-ture' Consequently the 'ralues shown on the chart are consid-ered. accurate
enough for tenperatures encountered- in bui].d.ings. Ihese values have been
compared- by the Bureau of Standard.s with values quoted. by the Guid.e ancL
other authorities, antL in cases where comparS.sons seemed- legitimatep agf,eg-
me.nt- within 1@ was obtained.. [he d.ata :.n trre tables and" shown by the
graphs on chart A is berieved to represent the best estlnate of
conductance values for single air 

"prce. , zl4r, thich io z-s/eu thick, facetlwith one refLective sr:rface, that can be mad.e with existing information.
The values can be used. for multiple air spaces by nultiplying the resistances
by the nunber of air spaces.

lhen any air space is faced. with two reflective surfaces the resistance wilLbo eqna,J- to those shown for one reflective surface p.ltts b/r,

IJesign. Ehen reflectiver rnaterials are uded as insulation, consideration must
be given in the tLesign t;o the temperatures and..possible vapor concentrations
withln the construetion, as werl as to the thernal resistance, A failrrre to
keep temperature antt vapor concentration within safe Ltmits wil-l- result in
d-estructi.re eontlensatlon, just as has sometimes occr.Ered. in struetures insu-
lated- with other insuLatlng rnaterials,

Beflective insulation, mhen used. in tire forn of Iarge sheets, is of itself
an efficient vapor barrier. Vapor pressures on the warm sld.e of the insu-
lation will therefore tend. to equal the vapor predsure in the house, Con-
d.ensation wllL occur on the foil when the ternperature at the foil is helor'
the d-ew point for the humid"ity existing in the house. [he problen is to
provid.e enough insulation on the col-d. sid.e of the vapor bamier to keep the
vapor barrier warmed. above the tlew point for the air in the d.we1ling.
Cond.ensation on the foil- may result in loss of reflectivity, and- continued.
cond-ensation will result in d.anpness and. rcttlng of the wood. strueture.
fhe effect of continuetL cond.ensation on the dr:rability of refLective suffacesis not Imorrn for aIl-..materials but can be serious for some reflective surfaces.

Chart B, attached. illust:rates six frame wa1ls with reflective insulationbuilt in. A method. of c,cmputing the tenperatrres at the foil is shovnr.
Expectecl tenperatures at the foil antl at the surface of single rvind.ows and.
wind-ows r,rith stom sash are conputetL for the exterior temperatures stated..
lhe waII sections on Chart B show locations at rsb.lch refllctive insulatlon
may be located' but d.oes :rot attempt to show method.s of naintaining the
insulation in prace or of rnaintaining the width of air spaces,
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[he tenperature d.ifference across an air space should. be roughly approxi-
matetl and. the resistance read. from the curves on Chart A. After d.etermin-
lng total resistance B, for the waII the temperature d.ifference across a
space can be quite accurately esti"mated. as the temperature tlrops through
varlous elenents of the waII are proportional to the correspond.ing thernal
reslstance of the elements.

lhe folLowing paragraphs ill-ustrate some of the probleros which wilL be
encountered. in usiag refLective insulation:

(") Reflective shee+,s should. be secr:re1y stapled. to the bulld.ing frane
tlght enor:gh to naintain their position.

(t) Beffective sheets consisting of netal foil cenentetL to lath or
waLlboard- woulcL fil-1 the requirenents intlicatett for wal1s 1 ancL 4.
Strlecial consicleration nust be glven to a.r1y jolnts in'rapor barrLers.

(c) Eva1r:ation of the expectefl. temperatures at the vapor bamler a^nd. at
the lnner sr:rface of the wind.ow glass ind.lcates that for waL1s p, Z
aniL 6 the tenperature at the \rapor balrier nay be about as eolcl- or
coltler then on the lnner glass in d.oubLe wlnd.ows, fltrese three d-esigns
shoultL, therefore, never be usetl with storn wlnd.ows. Tlalls shoultl- be
d.esignetL so that the vapor barrler will, r:ntler wlnter cond.itions, always
be wamer than the inner sr:rfaee of the nlnd.ow g3.ass. Any eonrlensa-
tloa wl1I then occur on the wind-ow gIass.

(d llhether one or more refLective surfaces are usecl- the one on the wam
sid.e nust act as the vapor barrier, and. the construction on the coltl-
sltl.e of the vapor barrier, inclucling any reflectlve surfaces, should.
be fi're tines as permeable to water vapor as the \rapor barrler. If
necessary to that end. arqr secondlary refl-ective sr:rfaces shoultl be
perforated.. Such incid"ental perforations will not seriously reduce
the lnsulatlon values.

(e) Ilhen walls 1 cr 4 can be constructed- with continuous reflective
surfaces as vapor barriers they are more safe agalnst contLensatlon
tlun any other type l3-lustrated. in Chart 3.

(f) [he temperature drop from lnterior to exterior, ind.icatetl on Chart B
. as 80o, ls excessive for some LocaLities but the relative values wiLl

not change for other tenperatr:re ranges.

(g) Ehere are two other points concerning the use of practically imper-
vious vapor barriers a^nt[ neta]-Iic foils whlch should. be emphasizetl.
I'irst, plaster backecL up by i'npervious vapor barriers shoul-d. not be
palnted. with glossy oiI pai:rts until the plaster is tircroughly dry' because blistering will result if nolsture is sealed- between two
nearl5r i.upervious fiLus. Second", metal folI enclosing a house should-
be gror:ntLetL to prevent rad.io static.

2430



N.H.A.
F.PH.A.
1a-3t-45

i
BULLETTN NO. 19

TECH. lNFo.,ttoTES
Na 43 PA6.E + CHART A

CONDUCTANCE AND RESISTANCE VALUES FOR SINGLE

AIRSPACES FACED WITH ONE HEFLECTIVE SURFACE E.O5
MEAN TEMPERATUFIE -4O"
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U Tota1 Conductanco Alr to Alr

U values used to detemine oversll
heat losses ruill not agree exactly
rvitir the values shown because tJrey
strould al-lo.w for *uds, franlng and
for stiles and ral].s of wood saslr
and storu sash.
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VETEIi,A}ISI TETdPOTITET TI]USING

INSULATIoN FoB FIOoR, }IALL & CETLDIG
BAturAcKS, rSA mnMEORTES & -QUONSET HIES

'SLnce SCandarde for Tltle V Tenporartrr lloustag Progran state thet conrtnro-
tLon riIL be such that heat loss rvilL not exceed approxlnately 55 EU
per square foot per hou, lt may be necesseqf ln scme cases to nodl;[!
the preselrt congtrrrction. Constnrctim frequently fornd ln baneekap
FSA domltortes and quonset huts ls shonrn in the ldt hand coltmn
belw, togebher rrlth the nUn factor reoult5lg frm such con8tructl.on.
The rigfrt hand colr:nn lndlcates the decrease Ln trUtr factor reoulting
fro varl-ous t5pes of lnsuLatLng naterials. Thls lnfomation la
glvena a quLck gu5.de ln dertermining the best md leaet eryensive
meara for meetlng the requtranents as to heat loss eatabllshed. try the
Sterdardso
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